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“Wave guide QED: Collective behaviors of twolevel emitters coupled to a non-linear bath”
Building on the tremendous successes of cavity quantum electrodynamics (QED), wave guide QED plays a key role in a
plethora of quantum technologies. The coupling of one or more excited multi-level emitters to a continuum of
electromagnetic modes leads, in most cases, to irreversible correlated radiation dynamics. Quite generally, the strong
transverse confinement in a waveguide speeds up the radiation dynamics compared to the free case. Moreover, the
directionality of a one-dimensional waveguide facilitates the build-up of correlations (or anti-correlations) between
emitters that are separated by distances larger than the natural wave length of the wave guide, leading to superradiance,
subradiance, and entanglement generation.
This talk investigates the collective dynamics of two non-interacting two-level emitters that are coupled to a structured
wave guide that supports two-photon bound states. Tuning the energy of the two emitters such that they are in resonance
with the two-photon bound state energy band, we identify parameter regimes where the system displays fractional
populations and essentially undamped Rabi oscillations. The Rabi oscillations, which have no analog in the single-emitter
dynamics, are attributed to the existence of a collective polaron-like photonic state that is induced by the emitter-photon
coupling. The full dynamics is reproduced by a two-state model, in which the polaron-like state interacts with the state
|e,e,vacuum> (two emitters in their excited state and an empty wave guide) through a Rabi coupling frequency that
depends on the emitter separation. Our work demonstrates that emitter-photon coupling can lead to an all-to-all
momentum space interaction between two-photon bound states and tunable non-Markovian dynamics, opening up a new
direction for emitter arrays coupled to a waveguide. Our theoretical findings apply to a number of experimental platforms
and the predictions can be tested with state-of-the-art technology. Extensions to an array of non-interacting emitters,
including the emergence of localized stationary droplet states, will also be discussed.
References: J. Talukdar and D. Blume: Phys. Rev. A 105, 063501 (2022) and 106, 013722 (2022).
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